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?  1-3? ????????????????  
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?  1-7? ???????????????  
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 MPPT?? 
???????????????????????? V????? I???????
?????? P?? 1-11???? P-V?????? V???? P?????????
??????????????????? Pmax???????????????????




MPPT????? DC-DC?????????? DC-DC???????????? 1-12
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?2?  ? ?????????  



























?  2-2 SCALE K525SE ???? 
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?  2-4? ???????????? I-V ??????  
 
 















?  2-6? ??????????  
 



























??  2-1? ????????  
? 3??? 4?????????????????????????????????
?????????????? Iomax??????????????? I-V??????




?  2-1? ?????? 
????[V] Voc 40.0 
?????[V] Vmp 32.4 
????[A] Isc 1.0 
?????[A] Imp 0.9 




?  2-8? ????????? I-V ?? 
 

























































??  2-3? ????????????????  
 





















??  2-4?  dSPACE ???????????????  
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?  2-11 ??????????  
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?????? 2-13????  
 







































???????? RCP(Rapid Control Prototyping)?????????????????
????????????????????????????????????????






















?? SILS?PILS???SILS(Software in the Loop Simulation)??ACG?????
????????? C????????????????????????????? C


















































?3?  ? MPPT ???????????????  
?????  
 ??  
MPPT?????? DC-DC??????????????????????????



















?? INC? (Incremental Conductance algorithm?????)??VINC?(Variable 
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?
????? (3-17) 
? ??????[A]  ??? ????[A] 
????????[V]  ???????[A] 
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 ? ? ?????? (3-19) 
?????????(3-15)??(3-18)?????????????? 
 ??? ?? ? ???? ? ???? (3-20) 
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 INC???? 
INC???????? P-V?????? P? V????? ?? ???????????
??????????????????????? ?????????????[41]? 
?? ? ? ????? ? ??? 
?? ? ? ????? ? ?? 
?????????????????????????????????????????
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?  (3-44) 
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 VINC ????  
 VINC???? 
VINC???????? P-V?????? P? V????? P’?????????? D
??????????????? 3-4???????????? ? ????????????
??? dm???? INC???????????????????????? 0?????
???????[43]? 
 
?  3-4? VINC ????  
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?? ? ? ?
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???????(3-61)? ????????? 
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 ??????  
 ????? 








?  3-1? ???????  
L [H] 330μ ?????? 250m 
C [F] 47μ ?? ?????? 0.7 
E [V] 14 ?? ? 0.43 
?????? 
??? [Hz] 








?????? INC?? VINC?????MPPT??????? INC???????
??? dm? 0.01???VINC????????? K? 0.001? 0.002? 2??????
?????? 
 
?  3-2? MPPT ????????  
Point ????[Hz] I[A] Point ????[Hz] I[A] 
A  5,000 0.5 D 10,000 0.9 
B 5,000 0.9 E 20,000 0.5 



































































?  3-7 INC ??????  
 
?  3-3 INC ??????  
Point State Point State 
A ??? D ??? 
B ??? E ??? 















???????????? 2??? K??????????? 3-8??????????
K??????????????????????????????? 




???? INC ?? VINC ????????????????????????????
??????????? 



































(a) K=0.001?Point B 
 
(b)K=0.002?Point F 
?  3-9?  VINC ??????  
 
?  3-4? VINC ?????  
Point K=0.001 K=0.002 
A ?? ?? 
B ?? ?? 
C ?? ??? 
D ?? ??? 
E ??? ??? 






















? INC?? VINC??MPPT??????????????????????? 














































?4?  ? ??????????? MPPT 


























 ??????? MPPT ?????????  
 ????????????????????? 
?????? V???? I??????? P = VI?????????????????
?? V?I????????? 
 ??? ? ??? ? ????? ? ? (4-1) 
????????? V???????????? 
 
? ???????????? ? ????????????????????????????
????????[48]? 
 ?? ?? ?? ???? (4-2) 
 ??? ? ? ????????? ? ???
???? ? ????????  (4-3) 
????? ? ?? ? ? ?????? 
 ?? ? ? ???? (4-4) 




 ?????? ? ???? ? ???? ? ?????? ? ????? ? ????? (4-6) 
???????????????????????????????????????
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 ?′ ?????????? (4-8) 
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 ?? ? ?? ? ? ??′??? ? ???′?? (4-10) 
 
?? ? ?? ? ? ??′???′  






 ?′ ?? ?? ? ?????? ? ????? (4-12) 







? ? ?? ? ?? ? ???? 
? ? ??? ? ?? ? ???? 





??????Q1?Q2? ON??? OFF?????? 
????????????????? 
???? ?? ???? ??????? ????? ??????????????????(4-13)?? 
 ?? ? ?
? ? ?? ? ???






? 4-1? ???????????? 
(1)??????????????????? a,r,Vc????????????????
???????????????? 





?  4-2 ???????????  
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???? ? ?????????????(4-14)? 
 ?? ? ?
? ? ?? ? ???






 ? ? ?? ?
? ? ?? ? ???? ? ????




???? ? ????? ? ????
? ? ?? ?? ? ??
 (4-18) 
??????? 




?? ?? (4-19) 




??? ?? (4-20) 
?(3-19)?? 
 ?? ? ???? (4-21) 
?????? 
















? ?? (4-24) 
?????????????????? 
 ?? ? ??? ? ?? ? ?? ? ? (4-25) 












 ?? ? ??? ? ?????? ? ?? ? ???? ? ? (4-27) 
? ??????????????????? 
 
?? ? ???? ? ? 















????????????? 5kHz?10kHz?20kHz????????? a, r, Vc????
??0.7V-1, 0.025?, 0.8V????????????? a????????????????
? 50??????? 27??????0.7???????????????? 






????????????????? 1????  
 
 

































????????? Fixed Duty????????????? 14V??????????
??? 






















?  4-1? ?????? MPPT ?? 
 
 














V [V] 32.4 31.9 32.0 32.0
I [A] 0.9 0.9 0.9 0.9
P [W] 30.0 29.9 30.0 30.0
????Ts [ms] 650 20 20 20
V [V] 32.1 30.5 30.6 31.1
I [A] 0.6 0.7 0.7 0.7
P [W] 21.5 21.2 21.2 21.1
????Ts [ms] 650 20 20 20
V [V] 31.0 31.3 31.4 33.0
I [A] 0.4 0.4 0.4 0.4
P [W] 13.1 13.1 13.1 13.3
????Ts [ms] 650 20 20 20
V [V] 27.8 24.7 24.7 25.2
I [A] 0.2 0.2 0.2 0.2
P [W] 5.5 5.4 5.5 5.5






































MPPT ?????????????????????????? MPPT ???????
???????  






?????????? 20ms?????MPPT????????????????  
  
?  4-5?  MPPT ????[????????] 


































































??????????? ISC?????ISC????? ISCMAX???? 




















?  4-7? ??????????  
 
?  4-2? ????????????  
 ???    ??? 
Voc[V] 40.1 38.8 37.4 35.7 31.0 
Vmp[V] 32.4 32.1 31.2 27.5 25 












???????? 4-8???? Calculated Solar Power??????????????
??????????????????????????????? 
 
?  4-3? ?????????????? [????????] 
 ???[J] ???[%] 
Calculated Solar Power 42.7 - 
Hillclimb Method 26.4 61.9 
Newton’s Method 42.5 99.6 
 






























































?  4-4? ?????????????? [??] 
 ???[J] 
Hillclimb Method 31.0 
Newton’s Method 42.7 
 










































































































































?  4-5? ??????????????????????  
??  ???[J] ???? 
? 




























?5?  ? ????????????????  































































?  5-2? ????????  
 






























































dVt × -1dVt × 1
[P <= P0][P > P0]








 ?? ? ?
? ? ?? ? ???








 ?? ? ?
? ? ?
?  (5-2) 
 











?  5-4? ?? MPPT ????? 
 























PWM, ADC, IO, etc.
??MPPT??sd 
<<block>>
 : Converter Controller3
<<block>>
 : Converter Controller2
<<block>>
 : MPPT Func
<<block>>












 ????????  
 ?????? 
 














































 ??????  
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?  5-7? ?????????  
 


























?  5-2 ?????? 
????[V] Voc 80.0 
?????[V] Vmp 70.0 
????[A] Isc 1.2 
?????[A] Imp 1.0 
????[W] Pmax 70.0 
 
??????? 
???????????? 2? ???????????????? 









 ????  
 ??MPPT??????? 
???????????????? 
?????????????????????????? 36V????  
MPPT???????????????????????????? 
 




dVt [V] 0.2 
?????????? 
r [?] 0.15 












































































Imp = 1.0A?0.5??? 1.5???? Imp = 0.01A???? Imp = 1.0A???? 
 
 ????????????? 
?? 1? MPPT ???????  





































































?? 2? ???????????  
???????????? 5-10?????? 1? MPPT??????????0.5??
???????????????? 0 ???????????? 3 ??????????




























































































?????? ? ??????? ? ??????????????  
???????? ?? ? ???????? 
(5-3) 
?  5-5? ?????????  
 
SOC difference 
Under 10% Over 10% 
SOC 











1. ????????????? SOC??????????(5-3)??? ?????????
???  
2. ??????? 10??????? 5-6??????????????????????
?????10???????? 5-6??? 1?????MPPT?????? 
?????? 5-11???? 
?  5-6? ???????  
?? CNV1 CNV2 CNV3 
1 MPPT MPPT MPPT 
2 MPPT Boost Buck 
3 MPPT Buck Boost 
4 Boost MPPT Buck 
5 Buck MPPT Boost 
6 Boost Buck MPPT 
7 Buck Boost MPPT 
 










































































 ?????? ? ?
??? ? ??????? ? ?????





 ?? ? ?
? ? ?? ? ??? ? ??????










?  5-7? ?????????  
 ??????????[%] ??[?] 
Converter1 50 260 
Converter2 30 130 























?  5-8? ?????????  





























?  5-9 ?????? 
 ??? ??????? ??????? 
SOC2[%] 64.4 98.2 97.3 
SOC3[%] 30.7 92.2 96.2 
































































































































?  5-10 ?????????  
?? MSE-100-6 MSE-50-12 
?? 6V 12V 
???? 100Ah 50Ah 
?? 22.5kg 23.0kg 
??????????????????????? 5-11???? 
?  5-11 ??????????  
 ?????? ?????? 
??????? MSE-100-6 MSE-50-12 
??????? 12V(2) 12V(1) 
?????? 2 3 
????? 2,400Wh 1,800Wh 
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? 4 ?????????????  





VocSim = 30; 
VmpSim = 24; 
IscSim = 1.25; 




VBat = output("VBat", "V", "FIN"); 
Vs = output("Vs", "V", "FIN"); 
IBat = output("IBat", "I", "FIN"); 
Is = output("Is", "I", "FIN"); 
 
VsAVE = output("Vs", "V", "AVE"); 






































Duty = SLimport(1); 
Gate = SLimport(2); 
VocSim = SLimport(3); 
VmpSim = SLimport(4); 
IscSim = SLimport(5); 






if(Gate == 0){ 
D1T0 = 0; 
} 
else{ 
D1T0 = D0; 
} 
/*--------------setparam setting-------------------*/ 









/*Param from Simulink*/ 
Voc =  param("Simulink","VocSim"); 
Vmp = param("Simulink","VmpSim"); 
Isc =param("Simulink","IscSim"); 
Imp = param("Simulink","ImpSim"); 
 
/* PROGRAM */ 
if(Voc == 0)Voc = 0.1; 
if(Vmp == 0)Vmp = 0.075; 
if(Isc == 0)Isc = 0.1; 
if(Imp == 0)Imp = 0.075; 
 
Gs = (Isc - Imp) / Vmp; 
b = 1 + Gs * Voc / Isc; 
a = (Imp * b + Gs * (Vmp - Voc)) / Isc; 
N = log(2 - pow(2, a)) / log(Vmp / Voc); 
 
/*PROGRAM*/ 
Vs = output("Solar.Vs", "V", "FIN"); 
if (Vs > Voc) Vs = Voc; 
if (Vs < 0) Vs = 0; 
 
d = 2 - pow(Vs / Voc, N); 
Is = (Isc * log(d) / log(2) + Gs * (Voc - Vs)) / b; 





















init{Gate = 0;} 
init{Gate2 = 0;} 
init{Gate3 = 0;} 
 
/*----------export setting ------------*/ 
VBttInside = output("VBttInside", "V", "AVE"); 
VDCinside = output("DCinside", "V", "AVE"); 




VBttInside2 = output("VBttInside2", "V", "AVE"); 
DCcurr2 = output("Isens2", "I", "AVE"); 
SLexport(4,VBttInside2); 
SLexport(5,DCcurr2); 
VBttInside3 = output("VBttInside3", "V", "AVE"); 
118 
 
DCcurr3 = output("Isens3", "I", "AVE"); 
SLexport(6,VBttInside3); 
SLexport(7,DCcurr3); 
IPV = output("SolarCurr", "I", "FIN"); 
SLexport(8,IPV); 
IBat1 = output("IBat1", "I", "AVE"); 
SLexport(9,IBat1); 
IBat2 = output("IBat2", "I", "AVE"); 
SLexport(10,IBat2); 







/*-------import setting --------*/ 
Duty = SLimport(1); 
Gate = SLimport(2); 
Duty2 = SLimport(3); 
Gate2 = SLimport(4); 
Duty3 = SLimport(5); 
Gate3 = SLimport(6); 
VBat1 = SLimport(7); 
VBat2 = SLimport(8); 






if(Gate == 0){ 
D1T0 = 0; 





D1T0 = D01; 
D2T0 = D01; 
} 
if(Gate2 == 0){ 
D3T0 = 0; 
D4T0 = 1; 
} 
else{ 
D3T0 = D02; 
D4T0 = D02; 
} 
if(Gate3 == 0){ 
D5T0 = 0; 
D6T0 = 1; 
} 
else{ 
D5T0 = D03; 




setparam("Q1", "T0", D1T0); 
setparam("Q2", "T0", D2T0); 
setparam("Q3", "T0", D3T0); 
setparam("Q4", "T0", D4T0); 
setparam("Q5", "T0", D5T0); 
setparam("Q6", "T0", D6T0); 
 
/*--------------setparam Extra-------------------*/ 
setparam("VBtt", "Value",VBat1); 
setparam("VBtt1", "Value",VBat2); 
setparam("VBtt2", "Value",VBat3); 
/*------------------end-------------------*/ 
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